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DESCRIPTION 

INJECTION MOLDING MACHINE AND INJECTION MOLDING METHOD 

TECHNICAL FIELD 
[0001] 

The present invention relates to an injection molding 
machine and an injection molding method. 

BACKGROUND ART 
[0002] 

Conventionally, an injection molding machine includes 
an injection apparatus. The injection apparatus includes a 
heating cylinder having an injection nozzle at its front end; 
a screw disposed within the heating cylinder such that the 
screw can rotate and can advance and retreat; and a drive 
unit for rotating, advancing, and retreating the screw. 
[0003] 

In a metering step, the screw is rotated whereby resin 
having fallen from a hopper and entered the heating cylinder 
is heated and melted, and is accumulated forward of a screw 
head. With this, the screw is retreated. Subsequently, in 
an injection step, the screw is advanced so as to inject the 
resin accumulated forward of the screw head from the 
injection nozzle and charge it into the cavity of a mold 
apparatus. In a cooling step, the resin in the cavity is 
cooled and solidified, whereby a disc substrate is produced 
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as a molded product. At that time, a pattern of an 
information surface of a stamper disposed in the mold 
apparatus is transferred to the disc substrate. The mold 
apparatus is .composed of a stationary mold and a movable mold. 
The movable mold is brought into contact with the stationary 
mold and is separated therefrom by means of a mold clamping 
apparatus, whereby mold closing, mold clamping, and mold 
opening operations of the mold apparatus are performed (see, 
for example, Patent Document 1) . 
[0004] 

FIG. 1 is a time chart showing operation of a 
conventional injection molding machine. 
[0005] 

When a mold closing step is started at timing tl in the 
mold clamping apparatus, the movable platen is advanced. 
When the mold closing step is completed at timing- t2 upon 
engagement of the movable mold with the stationary mold, a 
pressure increasing step is started so as to increase the 
mold clamping force. With this operation, tie bars of the 
mold clamping apparatus extend, and the movable platen is 
advanced further by an amount corresponding to the extension. 
[0006] 

When the movable platen is stopped at timing t3, the 
pressure increasing step is completed, and a mold clamping 
step is started, whereby a first mold clamping is performed. 
Simultaneously, an injection step is started in the injection 
apparatus, whereby resin is injected under a predetermined 
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injection pressure, 
[0007] 

Subsequently, at timing t4, the injection step is 
completed and a pressure holding step is started in the 
injection apparatus, whereby the pressure of the resin within 
the cavity is held at a predetermined holding pressure. 
Subsequently, in the mold clamping apparatus, the first mold 
clamping is ended, and second mold clamping is performed. 
[0008] 

Then, at timing t5, the pressure holding step is 
completed and a cooling step is started in the injection 
apparatus; and in the mold clamping apparatus, third mold 
clamping is performed. At timing t6, the cooling step is 
completed in the injection apparatus, and the mold clamping 
step is completed in the mold clamping apparatus. 
[0009] 

After these operations, a depressurizing and mold 
opening step is started in the mold clamping apparatus 
whereby the movable platen is retreated. When the 

depressurizing and mold opening step is completed at timing 
t7 and the movable platen is stopped, a removal step is 
started whereby a disc substrate is removed. At timing t8, 
the removal step is completed, whereby the injection molding 
ends . 

Patent Document 1: Japanese Patent Application Laid-Open 
(kokai) No. 2002-86507 
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DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0010] 

However, in the conventional injection molding machine, 
when an attempt is made to shorten the molding cycle 
performed through timings tl to t8, the temperatures of the 
mold apparatus, the heating cylinder, etc. must be lowered so 
as to lower the molding temperature. However, when the 
molding temperature is lowered, accuracy in transfer of the 
pattern of the information surface of the stamper 
deteriorates. In addition, distortion, residual stress, and 
the like are generated in the molded disc substrate, so that 
deterioration of optical characteristics, such as 
birefringence, occurs . 
[0011] 

An object of the present invention is to solve the 
above-mentioned problems in the conventional injection 
molding machine and to provide an injection molding machine 
and an injection molding method which can shorten the molding 
cycle without deteriorating accuracy in transfer of a pattern 
of an information surface of a stamper and without 
deteriorating optical characteristics. 

MEANS FOR SOLVING THE PROBLEMS 
[0012] 

To achieve the above object, an injection molding 

machine according to the present invention comprises mold 
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closing processing means for advancing a movable platen so as 
to perform mold closing; movable-platen-position 
determination means for determining whether or not the 
movable platen has reached an injection start position set 
between a mold opening limit position and a mold closing 
limit position; and injection processing means for starting 
an injection step when the movable platen reaches the 
injection start position. 

EFFECTS OF THE INVENTION 
[0013] 

The injection molding machine according to the present 
invention comprises mold closing processing means for 
advancing a movable platen so as to perform mold closing; 
movable-platen-position determination means for determining 
whether or not the movable platen has reached an injection 
start position set between a mold opening limit position and 
a mold closing limit position; and injection processing means 
for starting an injection step when the movable platen 
reaches the injection start position. 
[0014] 

In this case, since an injection step is started before 
the movable platen reaches the mold closing limit position, 
the molding cycle can be shortened by an amount corresponding 
to a time by which the start of the injection step is 
advanced. 
[0015] 
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The temperatures of a mold apparatus, a heating 
cylinder, etc. are not required to be lowered, and the 
molding temperature can be increased sufficiently. Therefore, 
it becomes possible to prevent deterioration of accuracy in 
transfer of a pattern of an information surface of a stamper. 
As a result, distortion, residual stress, and the like are 
not generated in molded products, whereby the mechanical 
characteristics of the molded products are improved. In 
addition, since occurrence of birefringence or the like can 
be suppressed, the optical characteristics of the molded 
products can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

FIG. 1 is a time chart showing operation of a 
conventional injection molding machine. 

FIG. 2 is a schematic view of an injection molding 
machine according to a first embodiment of the present 
invention. 

FIG. 3 is a block diagram of a control circuit 
according to the first embodiment of the present invention. 

FIG. 4 is a time chart showing operation of the 
injection molding machine according to the first embodiment 
of the present invention. 

FIG. 5 is a diagram showing, for comparison, the steps 
of an injection molding method according to the first 
embodiment of the present invention and the steps of a 
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conventional injection molding method. 

FIG. 6 is a time chart showing operation of an 
injection molding machine according to a second embodiment of 
the present invention. 

FIG. 7 is a diagram showing, for comparison, the steps 
of an injection molding method according to the second 
embodiment of the present invention and the steps of a 
conventional injection molding method. 
DESCRIPTION OF REFERENCE . NUMERALS 
[0017] 

23: movable platen 

4 6 : control section 

Sa: retreat limit position 

Sb: injection start position 

Sd: advancement limit position 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0018] 

Embodiments of the present invention will next be 
described in detail with reference to the drawings. 
[0019] 

FIG. 2 is a schematic view of an injection molding 
machine according to a first embodiment of the present 
• invention. FIG. 3 is a block diagram of a control circuit 
according to the first embodiment of the present invention. 
[0020] 

In . these drawings, reference numeral 11 denotes a 
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stationary-side mold unit; 13 denotes a stationary platen 
(first support member); and 14 denotes a stationary mold 
(first mold) . The stationary mold 14 includes a mold 
attachment plate 15, a disc plate 16 fixed to the mold 
attachment plate 15, and a mirror surface plate 18 attached 
to the disc plate 16. Notably, an unillustrated stamper is 
attached to the mirror surface plate 18, and an information 
surface including a plurality of fine projections and pits is 
formed on the stamper. 
[0021] 

Reference numeral 21 denotes a movable-side mold unit; 
23 denotes a movable platen (second support member) disposed 
such that it can advance and retreat (move in the left-right 
direction in FIG. 2) with respect to the stationary platen 
13; and 24 denotes a movable mold (second mold) which faces 
the stationary mold 14 and is brought into contact with the 
stationary mold 14 or separated therefrom as result of 
advancement or retreat of the movable platen 23. The 
movable mold 24 includes a mold attachment plate 25, a disc 
plate 26 fixed to the mold attachment plate 25, and a mirror 
surface plate 28 attached to the disc plate 26 and forming an 
unillustrated cavity in cooperation with the mirror surface 
plate 18. The stationary mold 14 and the movable mold 24 
constitute a mold apparatus. 
[0022] 

An injection apparatus 31 is disposed on the rear side 
(right side in FIG. 2) of the stationary platen 13. The 
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injection apparatus 31 includes a heating cylinder 32; an 
injection nozzle 33 attached to the front end (left end in 
FIG. 2) of the heating cylinder 32; an unillustrated screw 
disposed within the heating cylinder 32 such that the screw 
can rotate and can advance and retreat; and a drive unit 34. 
The drive unit 34 includes a metering motor (drive section 
for metering) 41 for rotating the screw, an injection motor 
(drive section for injection) 43 for advancing and retreating 
the screw, etc. 
[0023] 

In a metering step, unillustrated metering processing 
means of a control section 46 performs metering processing so 
as to rotate the screw through drive of the metering motor 41, 
whereby resin having fallen from an unillustrated hopper and 
entered the heating cylinder 32 is heated and melted, and is 
accumulated forward of a screw head disposed at the front end 
of the screw. With this, the screw is retreated. 

Subsequently, in an injection step, unillustrated injection 
processing means of the control section 46 performs injection 
processing so as to advance the screw through drive of the 
injection motor 43 to thereby inject the resin accumulated 
forward of the screw head from the injection nozzle 33 and 
charge it into the cavity. In a cooling step, the resin in 
the cavity is cooled and solidified, whereby a disc substrate 
is produced as a molded product. At that time, a pattern of 
the information surface of the stamper is transferred to the 
disc substrate, whereby a plurality of fine pits are formed 
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on the disc substrate. 
[0024] 

A mold clamping apparatus 30 is disposed on the rear 
side (left side in FIG. 2) of the movable platen 23. The 
mold clamping apparatus 30 includes an unillustrated toggle 
support (third support member) , an unillustrated toggle 
mechanism disposed between the toggle support and the movable 
platen 23, and a mold clamping motor (drive section for mold 
clamping) 45 for operating the toggle mechanism. The 
stationary platen 13, the movable platen 23, the toggle 
mechanism, the mold clamping motor 45, etc. constitute the 
mold clamping apparatus 30. 
[0025] 

In a mold closing step, unillustrated mold closing 
processing means of the control section 46 performs mold 
closing processing so as to operate the toggle mechanism 
through drive of the mold clamping motor 45, to thereby 
advance the movable platen 23 for mold closing operation. In 
a mold clamping step, unillustrated mold clamping processing 
means of the control section 4 6 performs mold clamping 
processing so as to further operate the toggle mechanism to 
thereby press the mirror surface plate 28 against the mirror 
surface plate 18 for mold clamping operation. As a result of 
the mold clamping operation, a disc-shaped cavity is formed 
between the mirror surface plate 18 and the mirror surface 
plate 28 by means of concave portions thereof. Subsequently, 
in a depressurizing and mold opening step, unillustrated mold 
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opening processing means of the control section 4 6 performs 
mold opening processing so as to operate the toggle mechanism 
to thereby stop the pressing of the mirror surface plate 28 
against the mirror surface plate 18 and release the pressure 
from the cavity. Subsequently, the mold opening processing 
mean retreats the movable platen 23 for mold opening 
operation . 
[0026] 

Incidentally, an encoder (position detection section) 
47 is disposed on the mold clamping motor 45 so as to detect 
the position of the movable platen 23. A detection signal 
from the encoder 47 is fed to the control section 46. 
Therefore, the control section 46 can recognize the position 
of the movable platen 23 on the basis of rotational speed of 
the mold clamping motor 45. In place of the encoder 47, a 
linear sensor disposed between the movable platen 23 and an 
unillustrated frame of the injection molding machine can be 
used as a position detection section. 
[0027] 

An operation section 48 for performing various input 
operations and a recording section 49 are connected to the 
control section 46. The control section 4 6, functioning as a 
computer, includes an unillustrated processor such as a CPU 
or MPU, and memory devices such as RAM and ROM. 
[0028] 

An injection molding method performed by the injection 
molding machine having the above-described structure will now 
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be described. 
[0029] 

FIG . 4 is a time chart showing operation of the 
injection molding machine according to the first embodiment 
of the present invention. FIG. 5 is a diagram showing, for 
comparison, the steps of an injection molding method 
according to the first embodiment of the present invention 
and the steps of a conventional injection molding method. 
[0030] 

First, at timing til, the mold closing processing means 
causes the mold clamping apparatus 30 (FIG. 2) to start a 
mold closing step to thereby move the movable platen 23 from 
a retreat limit position Sa, representing a mold opening 
limit position, toward an advancement limit position Sd, 
representing a mold closing limit position of the movable 
mold 24. 
[0031] 

During performance of the mold closing step, 
unillust rated movable-platen-position determination 

processing means of the control section 4 6 performs movable- 
platen-position determination processing so as to determine 
whether or not the movable platen 23 has reached an injection 
start position Sb, which is previously set between the 
retreat limit position Sa and the advancement limit position 
Sd. Subsequently, when the movable platen 23 reaches the 
injection start position Sb at a predetermined timing tl2, 
the above-mentioned injection processing means causes the 
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injection apparatus 31 to start an injection step so as to 
advance the screw to thereby inject the resin in accordance 
with a predetermined injection pressure pattern Pa. Notably, 
at the injection start position Sb, the movable mold 24 is 
not in contact with the stationary mold 14. 
[0032] 

Next, when the pressure of the resin charged into the 
cavity becomes higher than a predetermined level at timing 
tl3 during a period in which the movable platen 23 moves 
between the injection start position Sb and the advancement 
limit position Sd, the mold closing processing is completed, 
and a pressure increasing step is started, whereby the mold 
clamping force increases. Notably, when the resin pressure 
becomes higher than the predetermined level, the mold 
clamping force naturally increases, so that the completion of 
the mold closing processing and the start of the pressure 
increasing step occur automatically. Subsequently, the mold 
clamping force further increases as result of engagement of 
the movable mold 24 with the stationary mold 14. Notably, 
the position where the pressure increasing step is started 
will be referred to as a "pressure-increase start position 
Sc. " 
[0033] 

When the mold clamping force increases in the pressure 
increasing step, unillustrated tie bars of the mold clamping 
apparatus 30 extend, and the movable platen 23 is advanced 
further by an amount corresponding to the extension. When 
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the movable platen 23 reaches the advancement limit position 
Sd at time timing tl4 and the pressure increasing step is 
completed, the above-mentioned mold clamping processing means 
starts the mold clamping step. Meanwhile, the injection 
processing means causes the injection apparatus 31 to 
complete the injection step. 
[0034] 

Here, the movable platen 23 does not stop until the 
movable mold 24 comes into engagement with the stationary 
mold 14, and the mold closing operation is performed through 
utilization of the inertial force of the movable platen 23 
during advance movement. Accordingly, movement of the 
movable platen 23, advancing at high speed, is not required 
to stop, and no energy is needed to brake the movable platen 
23, so that consumed electrical power can be reduced. 
[0035] 

When the injection step is completed, unillustrated 
pressure holding processing means of the control section 46 
performs pressure holding processing so as to cause the 
injection apparatus 31 to start a pressure holding step, 
whereby the resin pressure in the cavity is maintained in 
accordance with a predetermined holding pressure pattern Pb. 
At this time, the above-mentioned mold clamping processing 
means causes the mold clamping apparatus 30 to perform a 
first mold clamping operation with a first mold clamping 
force PI • and then perform a second mold clamping operation 
with a second mold clamping force P2 (P2 < PI) . 
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[0036] 

In the present embodiment, at timing tl4, the first 
mold clamping operation is started upon completion of the 
injection step. However, the injection step may be completed 
at a proper timing between start of the first mold clamping 
operation and completion of the mold clamping step. 
[0037] 

Subsequently, at time tl5, the pressure holding 
processing means causes the injection apparatus 31 to end the 
pressure holding step, and unillustrated cooling processing 
means of the control section 4 6 performs cooling processing 
so as to start a cooling step, to thereby cool the stationary 
mold 14 and the movable mold 24 to a predetermined 
temperature. Subsequently, the above-mentioned mold clamping 
processing means causes the mold clamping apparatus 30 to 
perform a third mold clamping operation with a third mold 
clamping force P3 (P3 < P2) after performance of the second 
mold clamping operation. 
[0038] 

At timing tl6, the above-mentioned cooling processing 
means causes the injection apparatus 31 to complete the 
cooling step, and the above-mentioned mold clamping 
processing means causes the mold clamping apparatus 30 to 
complete the mold clamping step. 
[0039] 

After that, the above-mentioned mold opening processing 
means performs mold opening processing so as to cause the 
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mold clamping apparatus 30 to start a depressurizing and mold 
opening step, to thereby retreat the movable platen 23 from 
the advancement limit position Sd to the retreat limit 
position Sa. Subsequently, at time timing tl7, the above- 
mentioned mold opening processing means completes the 
depressurizing and mold opening step to thereby stop the 
movable platen 23. Subsequently, unillustrated removal 
processing means of the control section 4 6 performs removal 
processing so as to start a removal step. As a result, an 
unillustrated removing machine is operated so as to remove 
the disc substrate from the mirror surface plate 28. 
Subsequently, at timing tl8, the removal processing means 
completes the removal step so as to end the injection molding. 
[0040] 

Notably, the injection start position Sb and the 
advancement limit position Sd are set through operation of 
the operation section 48 (see FIG. 3) such that the injection 
start position Sb is located rearward of the advancement 
limit position Sd. 
[0041] 

As described above, the injection step is started 
before the movable platen 23 reaches the advancement limit 
position Sd; i.e., before completion of the mold closing step, 
and before start of the pressure increasing step. Therefore, 
as shown in FIG. 5, the molding cycle can be shortened by an 
amount, corresponding to a time by which the start of the 
injection step is advanced; i.e., time x. 
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[0042] 

Moreover, the temperatures of the stationary mold 14, 
the movable mold 24, the heating cylinder 32, etc. are not 
required to be lowered, and the molding temperature can be 
increased sufficiently. Therefore, it becomes possible to 
prevent deterioration of accuracy in transfer of a pattern of 
an information surface of the stamper. As a result, 
distortion, residual stress, and the like are not generated 
in a molded disc substrate, whereby the mechanical 
characteristics of the disc substrate are improved. In 
addition, since occurrence of birefringence or the like can 
be suppressed, the optical characteristics of the molded disc 
substrate can be improved. 
[0043] 

Next, a second embodiment of the present invention will 
be described. 
[0044] 

FIG. 6 is a time chart showing operation of an 
injection molding machine according to the second embodiment 
of the present invention. Fife. 7 is a diagram showing, for 
comparison, the steps of an injection molding method 
according to the second embodiment of the present invention 
and the steps of a conventional injection molding method. 
[0045] 

First, at timing t21, the mold closing processing means 
causes the mold clamping apparatus 30 (FIG. 2) to start a 
mold closing step to thereby move the movable platen (second 
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support member) 23 from a retreat limit position Sa, 
representing a mold opening limit position, toward an 
advancement limit position Sd, representing a mold closing 
limit position. 
[0046] 

During performance of the mold closing step, the above- 
mentioned movable-platen-position determination processing 
means determines whether or not the movable .platen 23 has 
reached an injection start position Sb. Subsequently, when 
the movable platen 23 reaches the injection start position Sb 
at a predetermined timing t22, the above-mentioned injection 
processing means causes the injection apparatus 31 to start 
an injection step so as to advance the screw to thereby 
inject the resin in accordance with a predetermined injection 
pressure pattern Pa. Notably, at the injection start 
position Sb, the movable mold (second mold) 24 is not in 
contact with the stationary mold (first mold) 14. 
[0047] 

Next, when the pressure of the resin charged into the 
cavity becomes higher than a predetermined level at timing 
t23 during a period in which the movable platen 23 moves 
between the injection start position Sb and the advancement 
limit position Sd, the mold closing processing is completed, 
and a pressure increasing step is started, whereby the mold 
clamping force increases. Notably, when the resin pressure 
becomes higher than the predetermined level, the mold 
clamping force naturally increases, so that the completion of 
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the mold closing processing and the start of the pressure 
increasing step occur automatically. Subsequently, the mold 
clamping force further increases as result of engagement of 
the movable mold 24 with the stationary mold 14. Notably, 
the position where the pressure increasing step is started 
will be referred to as a "pressure-increase start position 
Sc. " 
[0048] 

When the mold clamping force increases in the pressure 
increasing step, the above-mentioned tie bars extend, and the 
movable platen 23 is advanced further by an amount 
corresponding to the extension. 
[0049] 

Subsequently, at timing t24, the above-mentioned 
injection processing means cause the injection apparatus 31 
to complete the injection step, and the above-mentioned 
pressure holding processing means starts a pressure holding 
step, whereby the resin pressure in the cavity is held in 
accordance with a predetermined holding pressure pattern Pb. 
In the present embodiment, the above-mentioned timing t24 is 
set to coincide with the timing at which the movable mold 24 
comes into engagement with the stationary mold 14. However, 
the timing t24 may be set to be slightly before or after the 
timing at which the movable mold 24 comes into engagement 
with the stationary mold 14. 
[0050] 

After that, the resin within the cavity is compressed 
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while being sandwiched between the mirror surface plates 18 
and 28 until the movable platen 23 moved by the mold clamping 
apparatus 30 reaches the advancement limit position Sd at 
timing t25. 
[0051] 

When the movable platen 23 reaches the advancement 
limit position Sd at timing t25, the pressure increasing step 
is completed, and the above-mentioned mold clamping 
processing means starts a mold clamping step so as to perform 
a first mold clamping operation with a first mold clamping 
force PI and then perform a second mold clamping operation 
with a second mold clamping force P2 . 
[0052] 

Subsequently, at timing t26, the pressure holding 
processing means completes the pressure increasing step in 
the injection apparatus 31, and the cooling processing means 
performs cooling processing so as to start a cooling step, to 
thereby cool the stationary mold 14 and the movable mold 24 
to a predetermined temperature- Subsequently, the above- 
mentioned mold clamping processing means causes the mold 
clamping apparatus 30 to perform a third mold clamping 
operation with a third mold clamping force P3 after 
performance of the second mold clamping operation. 
[0053] 

At timing t27, the above-mentioned cooling processing 
means completes the cooling step in the injection apparatus 
31, and the above-mentioned mold clamping processing means 
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completes the mold clamping step in the mold clamping 

apparatus 30. 

[0054] 

After that, the above-mentioned mold opening processing 
means performs mold opening processing so as to cause the 
mold clamping apparatus 30 to start a depressurizing and mold 
opening step, to thereby retreat the movable platen 23 from 
the advancement limit position Sd to the retreat limit 
position Sa. Subsequently, at time timing t28, the above- 
mentioned mold opening processing means completes the 
depressurizing and mold opening step to thereby stop the 
movable platen 23. Subsequently, the above-mentioned removal 
processing means starts removal processing so as to start a 
removal step. As a result, the above-mentioned removing 
machine is operated so as to remove the disc substrate from 
the mirror surface plate 28 as a molded product. 
Subsequently, at timing t29, the removal processing means 
completes the removal step so as to end the injection molding. 
[0055] 

As described above, the injection step is started 
before the movable platen 23 reaches the advancement limit 
position Sd; i.e., before completion of the mold closing step, 
and before start of the pressure increasing step. Therefore, 
as shown in FIG. 7, the molding cycle can be shortened by an 
amount corresponding to a time by which the start of the 
injection step is advanced; i.e., time x. 
[0056] 
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Moreover, since the injection step is completed before 
completion of the pressure increasing step, the resin charged 
into the cavity reaches the circumferential edge of the 
cavity while maintaining its high temperature. Accordingly, 
the accuracy in transfer of the pattern of the information 
surface of the stamper can be further improved. 
[0057] 

The present invention is not limited to the above- 
described embodiment. Numerous modifications and variations 
of the present invention are possible in light of the spirit 
of the present invention, and they are not excluded from the 
scope of the present invention. 

INDUSTRIAL APPLICABILITY 
[0058] 

The present invention can be applied to injection 
molding machines for molding disc substrates. 
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